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A surface pla smon tunable color filt er has being developed in JPLL. It canreplace the color
wheel for projection displays, and it can be employed fora monochrome liquid crystal panel to
gencrate a full color image.

The surface plasmon has been studied since the 1960's.  tcanbe described as a collective
oscillationin electron density at theinterface of a metal and a diclectric. At surface. plasmon
leso nance, thereflected light vanishes. This resonance is referred to as attenuated total 1cflection,
andis dependentupon the dielectric constant 0 f both the metaland the diclectric. 1f an electro -
optical (1 {0)) material is used as the diclectric and a voltage is applied to change the surface
plasmon 1 esonance condition, the reflected light can be modulated’. A surface plasmon lastl light
modulator with a contiast ratio greater than 100:1 has been reported”.

1 f we consider t he surface plasmonlight modulator in the frequency space, the photons at
sutface plasmon resonance will be absorbed and the photons out of the resonance will be totally
refllected 1 a voltage is applicd on the 1O material, the index of refraction of the 110 mate.l-ial will
change, the surface plasmon resonance frequency will change, therefore the 1eflection spectium
canbe controlled by the applied voltage, and an clecttonically tunable color filter is formed”.

The experiment setup of sui face plasmon tunable filter is showninlig. 1.1 letea SOnm
silver was used as the metal film and a 4y liquid crystallayer was uscd as the 110 material. When
a p-polarized white lightis incident on the mctal/liquid crystal interface through the coupling
prism, a sutface plasmon wave can be excited, the photons in the surface plasmon resonance will
betakenoutfiomwe reflected spectrum. Whew a voltage is applied on the liquid crystal, the
index of the liquid erystal will change, the surface plasmon 1 esonance will change and the color of

the reflected ight will change. The experimental 1esult is shown in ¥ig. ?, here the dots are
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experimental data and the solid curves arc theoretical calculations, Whenap-polarized white light
was incident on this device at zero voltage, the surface plasmon resonance was at 640 nm, the red
colorwas absorbed and the reflected light looked cyan. Whena 1 ()-v voltage is applied, the
resonance shifted 1o 56011111, green color was absorbed and reflected light looked magenta. W hen
the voltage inci cased to 30-v, the surface plasmoni esonance shifts to 450 nim, bluc color was
absorbed and the reflected light looked yellow. The exper iment had shown good agi cement with
theory.

When a symmetiic structure is used as shown Vig. 3, a very thinliquid crystal layer is
sand wiched by two prisims with metal coatings on them, the sutface plasmon wave generated at
onc side canbe coupled 1o the other side, generate anotheisurface plasmon wave, and Jc-radiate
thelight with the same {requency. This is a bandpass filter. 1 a voltage is applicd to change the
index of the liquid erystal, the color of the bandpass filter can be tuned by the volts?,c,

g 4shows a theoretical calculation of the sutface plasmon tunable bandpass filter. When
the ligumd erystalhas an index change dnfiomzer 010 0.S, the transmission peak shifls from 450
nm o 650 nm.

Since surface plasmon is a surface effect, only a very thin liquid crystal layer is responsible
tosurlace plasmon excitation. It has been reported that the switching time of surface plasmonin
liquid crystal is two orders of magnitude faster than the switching time of bulk liquid c1ystal. For
the sur face plasmontunable noteh filter, a switching, time of 0.2 ms has been observed. For
s face plasmo n tunable bandpass filter, the switching time should be even faster.
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Being a fastswitching device, and able to gencrate field sequential red

colors, st face plasmon tunable filler can be used fo1 both projection and direct view
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display devices. For asingle panel projection display, the surface plasmontunable filter canbe

prech and blue colors to shine
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used to replace the color wheel to generate the field sequential red
oncither a liquid crystal display panel or a digital micro-mirror device to generate a color image.
"The application) of surface plasmon tunable filter for a direct view display is showninliig, 5,
whitelightfroma linear lamp is collimated by the cylindrical lens, and isincident on asurface
plasmon tunable filter; the tunable filter generates a ficld sequential I-cd, green and blue colors,
then shines onthe reflector, which changes the collimated lightinto a diffused light, and finally
reaches a monochrome liquid crystal display pancl, and this monochrome panc!can show a full
colorimage. Compare with the current color liquid ctystal display device, this device has the
advantage s as: the number of pixels can be reduced to one third, no tiny color filters needed in
cachpixel, highaperture ratio since the pixel is now three times bigger, andreduce cost because
he fabrication of a monochrome liquid crystal panel is much easier than a full color liquid crystal

yanel.
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